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SIRATDSPHERIC RESIDENCE TIMES FROM BALLOON MEASUREMENTS OF UINDS

NOKHAN KROSENHERG
1BJEC T1VE

THE PURPOSE OF THIS PROJECT IS THE MEASUREMENT OF SIRATOSPFNERIC TURBULENCE
USING A NEW MWIND SENSOK VWITH HIGH FREQUENCY RE“PONSE, THE STATISTICS OF
(OCCURENCE Of STRATOSPHERIC TUKRBULENCE 1S A DESIRED INPUT FOR MODELS OF
STRATOSPHERIC RESIDENCE TIMES FOR CONTAMINANTS AND AS AN INPUT FOR MODELS OF

{JPTICAL AND RADAR SCATTERING WITHIN THE REGION,
BACKGROUND

FREVIOUS STUDIES OF STRATOSPHERIC WINDS AND TURBULENCE HAVE USED RADAR-TRALKED
BALLOONS AND CHAFF, AND MEASUREMENT OF SMOKE TRAIL DISTORTION AND SPREADING.
CALCULATION OF VELOCITY AND SHEAR FROM THESE TYPES OF MEASUREMENTS REQUIRES
SYCCESSIVE DIFFERENCING OF THE KAW DATA WHICH LEADS 10 INCREASING INACCURACY
UITH EACH [DIFFERENCING., FURTHERMDRE THEIR SPATIAL RESDLUTION 1S PODR AND DOES

MUT PERMIT ASSIGNMENT OF SHEARS OVER SMALL KEIGHT UIFFERENCES.

IHt. DEVELOPMENT UOF 1HE  CORDNA ANENOBETER (COEONAM) UHICH DIRECTLY NEASUREYS A
1 0CAL  WIND WITH SUBSTANTIALLY NO INERTIA REDUCES THE UCALCULATION OF SHEAR TO A
GINGLE DIFFERENCING. THIS INSTRUMENT HAS BEEN CARRIED ON A NUMBER OF BALLOON
FLIGHTS OF SOME HOURS TO STUDY SHEAR STRUCTURE UVER EXTENDED PERIODS DURING

BALLOON ASCENTS AND DESCENTS THROUGH A GIVEN ALTITUDE REGION,
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A 10-HOUF FLIGHT NADE IN APRIL 1977 FROM HOLLOMAN AfE WAS SELECTED FOR FIRST
ANALYSIS. THE PAYLOAD INCLUDED TUO CORONAMS WHICH HAD BEEN CALIBRATED IN
UIND-TUNNEL LOW-PRESSURE ENVIRONMENT. 1T ALSO CARRIED FRESSURE AND TEMPERATURE
GENSORS. THE BALLOON WAS RADAR-TRACKED THROUGH THE FLIGHT WHICH ESTABLISHED X,Y
AND Z COORDINATES WHICH PERMIT INDEPENDENT ESTIMATES OF VELDCITY AND SHEAR
(UITH LOW FREQUENCY RESPONSE.) THE RADAR DATA IS YERY INPORTANT IMPORTANT IN

INTERPRETATION OF THE CORONAM DATA.

ATA SELECTION

A DIGITAL TAFE WAS PREPARED WHICH MERGED jialA FROM THE PAYLOAD INSTRUMENTS AND
FRO® THE KADAR TRACK FOK 2300 TINES BETWEEN 0500 aND 1500 LOCAL (MSYT) TIME.

TARLE 1 SHOWS THE SFECIFIC DATA AVAILARLE FOR EACH TINE.

[RE  ALTITUDE DERIVED FROM THE PRESSURE SENSOR WAS FOUND 10 DIFFER FRUM THE
RANAK-MEASURED ALTITUDE BY UPF 70 1000 METERS. THE ANORE  DIRECT ALTITUDE
MEASUREMENT FROM THE RADAR  TRACK WAS USED IN THE: ANALYSIS, CORONAR 2 WAS NOT

FUNCTIONAL, SO ONLY COROMAM 1 WAS AVAILABLE FOR ANALYSIS.

THE INSTRUMENT PLATFORN UWAS SUSPENDED ABQUT 260 METERG BELOW THE BALLUON. THE
CORONAM  HEASURES THE WIND 1T SENSES, 10 UHICH AUSYT BE ADDED ITS OUN VELOCITY
WHILH IS THAT OF THE BALLOON TO WHICH IT 1S SECURED, THIS MAKES FOSSIBLE A
CALTERATION Ur THE CORUNAM VELOCITY WHICH MUST  BE EUVAL  (EXCEPT FOR
HIGH-FREQUENCY CONTENT) TO THE DIFFERENCE BEIWEEN KADAR MEASUREMENTS OF BALLOON
VELOCITY AT THE TIHE DOF THE CORONAMETER MEASUREMENT AND BALLOON VELOCITY AT A
fIME WHEN 1T IS 260 METERS LOWER THAN ITS CURRENT ALTITUDE. THIS IMPLIES THAT
CALIBRATION OF THE CORONAM CAN RE DONE DURING RALLOON ASCENTS AND DESCENTS WHEN
{HE REQUIRED RADAR DATA IS AVAILABLE IF WIND CHANGES AT EACH ALTITUDE ARE SHMALL

DURING THE INTERVAL BETWEEN THE TWO MEASUKEMENTS,

THE  FLIGHT INCLUDED FIVE LEGYS WHERE THE BALLOON UAS DRESCENDING OR ASCENDING
MYER A 3000 TO /500 METER ALTITUDE INTERVAL AND ANALYSIS VAS CARRIED OUT FOR

THESE FIVE LEGS LISTED IN VTABLE I,

Ll




e

TABLE 1 LIST OF RAW DATR ON TAFE H772)

1. LOCAL TIME (MST) HHHMSS 2. ALTLTUDE (METERS! FROM PRESSURE

3. TEMPERATURE (K) 4, FRESSURE (MBAR)

5. CORONAM 1 VELOCITY (N/S) 6. CORONAN t AZIMUTH (DEG)

7. GURONAM 2 VELOCITY (H/9) 8. CORONAM 2 AZIMUTH (DEG)

9. RADAR ALTITULE (METERS) 10, RALVAR NOKIH (METERS)

11. KALAR EAST (METERS)

TABLE 2 LEGS SELECTED FOR ANALYSIS

LEG TINE ALTITUBE VERT  RAW DATA PTS AV SPACING
UF/0N  START END SEC Lo HIGH [r1¢ /S SCREEN BONOT SEC ALY
1o 05:06 051390 2640 17500 23000 /500 2.8 216 213 12 34
2 0/:51 09:82 660 19500 25000 5500 0.8 475 369 18 13
$ b 11:23 113209 21460 900 21200 3’00 1.7 190 164 12 22
44U 12:24 14:01 3700 18200 21500 Jie0 0.6 326 194 29 29
VIR 14222 14:42 1200 17500 20300 Joac¢ -2.9 108 102 12 29

DATA SCREENING

1tAW DATA  SCREENING UWAS  DONE  BY REJECTING ALL POINTS FOR WHICH NO RADAR DATA
WERE AVAILABLE. ALSO REJECTED WERE ALL FOINTS WHERE THE CORONAM READINGS UERE
CONSIDERED UNKELIABLE (PRIMARILY BECAUSE OF SCREEMING OF THE METER FROM THE
WIND BY FPAYLDAD ELEMENTS.) THIS SCREENING REDUCED THE RAV DATA TO ABOUT 1300
FOINTS. THEN THOSE POINTS WHICH WERE NOT MONQTONIC IN ALTITUDRE WERE ALSO
HEJECTED. THE REMAINING 1000 POINTS SHOWED AVERAGE SPACING OF 15 TO 34 METERS,
50 AN INTERPOLATION INTERVAL 10 FIXED ALTITUDES AT 20 HBETER SPACING MAS

GELECTED.

KAW  RADAR  POSITIONS WERE SMOOTHED BEFORE INTERFOLATION BECAUSE NO MEANINGFUL
HIGH-FREQUENCY CONTENT IS AVAILABLE IN THESE DATA. AFTER INTERPOLATION, RADAR
VELOCITIES WERE COMPUTED FROM POSITION DIFFERENCE/TINE DIFFERENCE BETUEEN

$UCCESSIVE POINTS,

KAW  CORONAM READINGS WERE CONVERTED FROM TOTAL VELOCITY AND AZINUTH TO EAST AND
NORTH COMPONENTS BEFORE INTERPOLATION. THE KRA¥ CORUNAN COMPONENT VELOCITIES
UYEKE PROCESSED BY A SPECIAL FILTER WUHICH REJECTED OUTLIER POINTS BUT RETAINED
ORIGINAL  RAW  VALUES FOR ABOUT 90 PERCENT OF THE DATA IN ORDER NOT TO LOSE ANY

HIGH-FREQUENCY CONTENT IN THE MEASUREMENTS.

—
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PERSISTENCE 0 STRATOSPHERIC WINDS

PIGysE Y SIS THE  GROUND  TRAY OF THI EA L UON DURIKS THE FIVE LEES AND THE

ALTITUUE Vo TIME OBVER THE 10-HOUR FLINHT PERLICD.

Prsesy 2 snedy THE RADAR-TRACK Rab! QUN wh ity CORPORERTS Ve oL TITUDL FOR GIHE
Y LEES,  THE O WRLOCTITY PROFILES (0VeR A lo-Hunk PERION A0 SH W 3 PERSIGIEN]
SINBSUIBAL o PTTERN TRROUGH  THE  ENTIRL  fbetdn UITH & YeRTIUAL WAVELENGTH GF
ABLLT 1000 METERS.  THIS IS IN Pl A HELLE ¢ PAaTTLRA LhEN THE TWO CUNPONENTS
ARE  COMSIUEEED,  FURTHERMORE  THE  SIMILAKIIY OF  THE FROFJLESL  SUGGEST  THAT
JELOCITIRS  UERE  NUT  SERIODUSLY LONTAMINAIED BY CORTEX-UHLDEING el THE BALLUON,
Giect  THE  TivE UEGS UARIED IN AVERAGE VERDLCAL VELNCIYY FROM 2.8 /S 10 -4
rnss, UHitH NOULD RESULT Tt SUBSTANTIAL  HE-FEREM L I8N WORTEX-SHFULDING
VHARALTERIS T, FIGURE 2 ALSU FEESEMIS THE TEAPERATUKL FRUETLES FOR THE BIVE

FEBS, WHODH =imaidbl SUBSTANTIALLY UNCHANGED HURING THE Jo-popk FLRIGD.

LORKGNA t\Nl‘Hl‘H‘”!: f _x:“vi THRKATION

P

THE okt wEiHCITIES  WILL  BE UORFEUATER WUTH THE P lFERSLHCY RETJEEN TUE
(oraLt v-INGee i niENT  HEASUREMENT  QF  RAabak (FALTOONY VELUCITIES o7 THE al 11Tt
HEOIHE  FAYLHAD ANT THE  ALYITUNE  CF b EAcLOEN,  THLSE AL QUN VELOL LYY
WEIFFERENTE LS (UDTF) WERE AL EMM agis end SAQiib e Raank BATA AL Mk
PRESENTER PO THE FIVE LEGS I FIGURE 3. FebSit RDHCE AS CLeaN] LR UAVES TS tor¥
MOKE  STRIKINMGS  I% THE DIFFERFNCE FROFILES  THAN 1N The  ORUGINAL S VELGOULTY
PROFILES.  Tnt  ODEE AMPLITOOE  FROPILLL kP nApobl ot ey WO A DOMItN]

UAVELENGTH U ARUDUG 1000 HETERY,

——— e
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IHE  SLOPE  AND  OFFSET  OF THE VDIF CUMPONENT PROFILE WAS FOUND BY A LINEAR FIT

AND  UAS ADDED TO THE CORONAM COMPONENT FROFILE HEFOKE CROSS-CORRELATION. THE
GLOFE-ADJUSTED CORONAM PROFILE WAS CKOSS-CORRELATED UWITH THE VDIF PROFILE,
USING A FOUKIER TRANSFORM WITH 128 POINTS (.96 KM OR AT LEAST TWO CYCLES OF
[HE BASIC WAVE) IN A GIVEN CORRELATION. SEPARATE BUT OVERLAPPING CORRELATIONS
WERE DONE BY MOVING THE ALTITUDE WINDOW UPWARDS BY 64 POINTS AS LONG AS DATA
UAS AVALILABLE ON A GIVEN LEG. CORRELATION WAS DONE USING ONLY SPATIAL
FREUUENCIES TO 1/2 NYQUIST CORRESFONDING TO 80 METERS SINCE NO SIGNIFICANT

HIGHER FREQUENCY CONTENT WAS EXFECTED IN THE RADAK VELOCITY PROFILES.

FHE RESULTS ARE SUMMARIZED IN TABRLE 3 UHICH SHOU CORKELATIONS OF 80-935 PERCENT
DEFENDING UON  LEG,COMPONENT  AND  ALTITUDE BLOUK. TABRLE 3 1S ORDERED IN BLOCKS

UITH DATA FUR EACH LEG,FOR EACH COMFONEND AND FOR EACH OQVERLAPPING ALTITUDE

KANGE .

fHE  CKOSS-CORRELATION ALGORITHN GIVES NOT ONLY CORRELATION BUT ALSO GIVES THE
ARFLITUDE OF EACH OF THE TW0 PROFILES HKEING CORRELATED, AND THE LAG OR
DISFLACEMENT UHERE BEST CORRELATION 1S FOUND. THE LAG WAS MOST FREQUENTLY ZEROD
UHICH IWPLIES THAT THE TW0 PROFILES ARE REST-ALIGNED AS TESTED, LAG VALUES
HANGE FROM +1 TO -3 BUT INSPECTION SHOWED THAT ZERO-LAG CORRELATIONS WRE ALMOST

NS HIGH, 1.E.,LAG ESTIMATES ARt NOT SENSITITIVE NEAR THE CORRELATION MAXIMUM.

THE NEXT COLUMN IN TABLE 3 PRESENTS THE AUTOCORRELATION ZERO OF THE VDIF
P'RKOFILES WHICH SHOW TYPICAL VALUES OF t3 POINTS LOQUIVALENT T0 260 METERS. (11

IS A COINCIDENCE THAT THIS VALUE IS EUAL TO THE BALLOON-PAYLOAD SPACING.)

11 MAY BE NOTED THAT THE SAME CORRELATION 1ESTS WERE FERFURNED FOR SFACINGS OF

240,260 AND B0 METERS, AND THAT THE REST CORRELATIONS WERE FOUND FOR THE 260

HETER SPACING.
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TARLE 3

CORRELATION AND CALIBRATION 0F CORKONAM

Jug LONWEST FOINT USED LA SHIFT FOK HIGHEST CORRELATION
AUTZER AUTOCORREL ZEKD CROSSING CORLN CORKELATION
FADANP AMPLITUDE (M/S) VDIF CORAMF GHFLTTUDE (M/SY CURININAN
ANFRAT RATIO OF AMFLITUDES
LOUr 2 AFTER CORRECTION
LED,ALD,ANI= 1 17480, 25000,
JLO LAG  AUTZER CORLN  KADAMP  CURAMP  ANFRAT LAb  AUTZEK CORLN CURAMP ANFRAT
LAST 1 0 14 .91 2.8% 2,24 .37 0 14 .72 2.93 .57
69 1 14 .53 2.5¢6 2.12 .21 i 14 .93 2.7% .93
12y 0 B .92 1.70 1.80 L4 ¢ 1 .92 2.10 .74
193 Y 14 .90 1,79 .40 .99 0 28 .89 2,27 .79
27 1 13 .84 1.69 1.30 1.50 ! 11 .83 1.60 1.06
NOK I'n 1 Y 11 .50 2.7 1.488 1.43 0 11 .50 2.47 1.10
65 0 12 .92 2.50 1.69 1.48 o 12 .92 2.18 1.13
129 0 12 .92 2.61 1,82 1.4] \ 12 .92 2.32 1.12
193 0 13 .88 1.93 1.76 1.92 0 13 .68 1.61 1.20
297 2 16 .81 1.40 1.02 .37 R 16 .81 1.28 .10
FITYED CORRECTION ALO,AMID,AH]= 1.33 1.29 1.24 ARID,AH]= 1.00 1.01
LEG,ALO,AHI= 2 19500. 25000.
LAST | -1 14 .87 2.9¢ .64 4.914 -1 16 .89 .94 .14
63 -1 29 .96 2.38 .13 2,10 -1 79 .96 2.54 .94
129 -1 16 .91 2.56 1.34 1.43 0 14 .94 2.63 .97
193 -1 '8 .92 1.85 1.17 1.9 ¢ 18 .94 1.64 1.13
NOKTH ! 0 15 .92 2,45 .93 2.65 0 15 .94 2.10 12
A -1 14 .81 2.0 .80 2.82 n 14 .87 1.77 1.19
r.ry -2 14 .84 2.3 1.48 1.ne ! 14 .88 Jol4 .10
193 -1 15 .90 1.89 1.43 1. 32 Y 13 .90 1.77 t.0’
FITIED COKKECTION ALD,AMID,AHI= 3.79 2,49 1.24 AnLD,AHL= 1.09 1.06
LG, ALD,ART= 3 17700, 21160,
EAST 1 -2 " .84 AR 1..0 302 g i .85 3.19 1.99
¢35 -3 12 .86 .19 V40 R ¢ -3 1 .88 207 1,19
HOKTH 1 -2 1 .53 3.32 [IPRARY ol g i .74 J.08 1.09
65 -3 12 .84 2.44 .92 2.6 -3 12 .86 2.09 .17
FITIED CORRECTION ALU,AMID, AY]= J.96 RPREE .08 AMIN,AHT= 1,10 1.20
LEG,ALU,AHI= 4 18280, 21480,
LAST | 0 14 .85 J.16 R (IR ¢ 13 .89 3.0 .95
63 0 P .98 2.47 R L9 i 12 .98 2.88 .86
NORTH 1 0 L .84 3.38 2.49 1. 56 Y 1 .83 2.94 119
65 0 1 76 2.69 Jot 1,28 ; 13 .96 2.1 1.14
FITTED COKKECTION ALO,AMID,AH]= 1.39 1.0 T | AMID, AN = 1.04 .78
LEG,ALO,AHL= 5 17480, 0%00,
LAST ! -2 i 1 2,89 o1y SO0 -2 1R .78 2.05 I g
(W] -2 14 99 1.97 1.13 1.74 -2 14 .94 1. 1.14
HOKTH 1 -1 12 .83 1.87 1.00 1.6 -1 12 .83 1.79 1.04
] -2 t 90 1.38 . BH 1.36 -1 1" .72 1.13 1.03
FITIEL COKFECTION AL, ANID,ANL= 2,50 IR A .40 ANID,AHT= 1.10 1,08

- . —




THE  K#S ANFLITUDES OF THE CORUNAN UAS FOUND TO RE SUBSTANTIALLY LOWER THAN THAT

WF  THE VDIF PROFLLES, AND THIS AMPLITUDE RATIOQ CAN BE APPLIED AS A CALIBRATION
10 IHE COKONAM DATA. THE AMFLITUDE RATIOS FOK THE TWD COMPONENTS OF A GIVEN LEG
WERE MERGED INTO A LEAST SQUARE BEST-F1T VS ALTITUDE. THE RESULTING CORRECTION
1S LISTED FOR LDW, MIDFOINT AND HIGH ALTITUDES BELOW THE LEG DATA BLOCK IN
TABLE 3. HIGHEST CORRECTION FACTOR WAS IN THE LOW-ALTIDUDE REGION OF LEG 2
UKHEKE A AMFLITURE RATIO OF 5.8 WAS FOUND, TAPERING 7O 1.2 AT THE HIGHEST
ALTIT0RE  OF  THIS LEG. IN OTHER WORDS,THE CORONAN SHOWS AN EXCELLENT SENSE OF
DIRECTION BUT  ITS AMFLITUDE VARIES FROM [IME (G TIME WITHIN THE SAME LEG AND

RETUEEN LEGS IN A MANNER WHICH CANNOT BE EXFLAINED A1 THIS TINE,

{IGUKE 4 SHOUS VERTICAL PROFILES OF OKIGINAL COMCONAM,LORRECTED CORONAM,CORONANM
SHEAK  AND RADAR  VRIF PROFILES FOR LEGS 1t AND 2. +IGURE 3 SHOWS CORRECTED
LLUKOMAM  PROFILES AND THE RADAR PROFILES AT A DIFFERENT SCRLE TO POINT QUT MORE

CLEAKRLY THE HIGH CORRELATION BETUEEN THE (WU FROFILES AFTER CORRECTION.

N SECUND  CORRELATION LUOF UAS TESTED USING THE COURRECTLD AMPLITUDE VALUES OF
fHE CORONAM WITH THE VDIF VALUES FROM THE RADAR. RESULTS ARE LISTED IN THE LAST
S COLUMNS OF TAKLE 3 AND SHOW THAT AMPLITUDES WERE WITHIN 10 PERCENT OF THE

KADAR YDIF AND RETAINED HIGH CORRELATICN ANU LOW LAG DIFFERENCES.
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SHEAR CONTENT AND RICHf. HUN NUMBEKWS

IHE CALCULATION OF VEKRTICAL SHEAN  AKD RICHARKUSON NUMKREK KEQUIKES COMFAK]ILOH
WITH THE BRUNT-VAISSILI FREWUENCT AS  THE BASIS FOR ESTIMATING KEGIONS WI'H
FURBULENT CONTENT. THE BRUNI-UAISSILI FREQUENCY IS GLVEN Bf:
FREQ (1/SEC) = S@RT [ G/F » ( WIDZ-DVADIAR/DL) ]
WHERE G IS THE GRAVITATIONAL LONSTANT (9.4 MET/SEC/SEC)
T IS THE TEMPERATURE ( DEG KELVIN)
DTDZ 1S THE LOCAL TEMPLRATURE GRADIENT
DTADIAB/DZ 1S THE ADIABATIC LAPSE RATE (-.009%5 DEG/HET)
THE BRUNT PERIOD IS THE RECIPKUCAL UF THE FREQUENLY AND IS A TIME CUNSTANT IN
SECONDS AS A RESTORING FORCE FOR ANY LOCAL FERTURBATION. THE FKEQUENCY TTSELF
UAN BE CONSIDERED AS A BRUNT SHEAR (MET/SEC)/NET  WHICH 1S RELATED 10 THE
RICHARDSON NUMBER=(BRUNT SHEAR/LOCAL SHEAR)**2. I1 IS CONVENIENT TU EXFRESS THE
SHEAR VALUES IN (MET/SEC)/KM. TABLE 4 PRESENTS I[HE EXPERIMENTAL OBSERVATIONS OF

TEMPERATURE ,DTDZ AND THE RESULTING PERIOL AND SHEAR FOR LEG 1,

TABLE 4  BRUNT PERIOD AND SHEAR VS ALTITUDE
ALY TERF  DIDKEN BEC  HHR M/S/KM
18000 212.79  -1.96  53.47 18.63
20000 212,73 -3.28  59.07  16.93
22000 215.23 3.20  41.39 24,035
24000 218.88 =97 U0.02 19.99
FIGURE & SHOWS RESULTS OF SPATIAL FREQUENCY ANALYSIS OF THE CORRECTED CORUNAN
COMPONENT PROFILES FOR ONE CASE. THE AMPLITUDE FALLS OFF A% EXPECTED UNTIL
ABOUT 300 METER VWAVELENGTH. AT SHOKTER WAVELENGIHS, 1.E. WIGHER FREQUENCIES,
THE AMPLITUDE IS NEARLY-CONSTANT. THIS EEHAVIOUR IS A SIGN THAT THE DATA Al
THESE HIGHER FREQUENCIES IS WHITE NOISE, AND MAY BE INSTRUMENTAL RATHER THAN
ANY TRUE VELOCITY VALUE. FIGURE & ALS0 SHOWS THE EFFECT OF PKOCESSING THE
PROFILE VWITH A LOW PASS FILIER CUNSISTING OF 2 PASSES WIIH A Y-PUINT (100
METER) RUNNING AVERAGE, AND THE AMPLITUDE OF THE RESINUAL, [.E., THE DIFFERENCE
BETWEEN ORIGINAL AND SMOOTHED FROFILES. THE AUTOCORRELATION OF THE RESIDUAL HAR
ITS ZERO AT A SPACING OF 1 UNIT, ANOTHER SIGN THAT [T REPRESENTED WHITE NOISE.

THE AUTOCORRELATION ZERO OF THE SMOOTHED SIGNAL REMAINED UNCHANGED FROM THAT OF

THE ORIGINAL.
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MCAUSE  UF  TRIS NULSE CONTENT, DIFFERENT SHACINGS WERE USED FUR CALCULATION OF

SHEAKR,  BRUNT  FREOUENCY AND RICHARUSON NUMEER. DALY fartw Al SPACING OF 1,2,4,8
AR 16 FUINIS  (20,40,80,160, AN S0 AETERSY “HOW A bEOVEASING UONTENT OF HIGH
CHEARS,  SHUWN  IN PLEURE 7 AND TARLE 5 AND &, NIUHAKTSUN NUMRERS OF 0,25 UCCUR
Gl UHEARS  UF 40-) M/S/KM DEPENDING ON TEMPENATURE GRADIENT, AS CAN BE SEEWN
| ROM  TARELE &, ONE CAN SAY THAT 4% FCT OF THE STKRIDSPHERE 1S TURBULENT BY USING
CHEANS AT 20 METEK SPACING, OR THAT 20 PCY 19 TURBULENT AT A SPACING QF 80

METERS, UK 1 FCT AT A SPACING OF 320 METERS.

URILH  SPAUING  SHOULD BE CONSTODERLD A4S REPRESENTIATIVL oF THE TRUE SHEAR CONTENT
OF  THE  ATHMOSFHERE WILL DEFEND UFUN A BETIER UNDERSTANDING AND CONTROL OF THE

GOUKUES UF THE NOISE IN THE COkONAM MEASUREMENLS.

Taktt o CUMULATIVE DISTRIRUTION OF SHEARS (M/u/0K) U8 SFAUTNG 1N METERS

SPAC PNTS CUM U1TH SHE> J0 40 40
20 1060 1000 985 ¥93 B8YI 813 44 457 S41 Y14 41 dve 31 305 262 212 187 )
40 1059 1000 983 989 877 91 03 628 »2 4% 473 311 243 198 160 129 101
80 1045 1000 982 910 B0 /13 602 488 3¢ Us6 200 145 1903 76 33 33 2
160 1025 1000 966 8Y4 /62 623 480 319 201 10y s 37 13 12 6 4 3
3200 98y 1000 var 11 642 430 o0y ¢ “ 1 3 2 2 ¢ 0 ¢

1AKLE 4 CUMULATIVE DISTKIRUIIUN UF SHEAR POK KICHARUSUN NUMBLR=0.23

SPAL PNTS CUM WITH SHE/SHCR.® t.t 1.5
20 1060 1000 982 951 882 804 718 426 54/ 492 447 384 )Y 284 240 217 183 1
40 1055 1000 979 935 862 770 680 590 91y 41, 355 lyy 237 196 154 129 105
80 1045 1000 977 902 796 688 S8O 452 358 2e¢b 194 134 95 71 Sy 37029
140 1079 1000 963 873 739 577 440 298 200 121 "4 4y 21 16 11 ¢ 3
320 98% 1000 933 78y 621 s¥i 222 114 44 1y MY U ¢ 1 1 0 0
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